
K AD

.EPORT NO. 1

PROCESS MODILI i;i OF BIOLOGICAL WASTE TREATMENT

AiNUAL PROGRESS REPORT

D. M. Himmelblau
E. F. Gloyna

OCTOBER 15, 1969

Supported by

Ur.S. ARMY MErDITAL RESEARCH AND DEVELOPMENT COMMAND
Washington, D.C. 20315

Contract No. DADA 17-69-C-9073

The University of Texas
Austin, Texas 78712

0

This document has been approved for public release and sale;
its distribution is unlimited.

The findings Jn this report are not to be construed as an
official Department of the Army 'position unless so designated
by other authorized documents.

DDC

hteprducM y. ..

NATIONAL TECSERICAE~ r
INFORMATION SERVICE

t18



IS CLAIMER NOTICE

THIS DOCUMENT IS BEST

QUALITY AVAILABLE. THE COPY

FURNISHED TO DTIC CONTAINED

A SIGNIFICANT NUMBER OF

PAGES WHICH DO NOT

REPRODUCE LEGIBLY.



AD_ _

REPOiIT NO. 1

PROCESS MIODELTNi OF PIOLOGICAL WASTE TREATMENT

ANNUAL PROGRESS REPORT

D, "I. ldirmnelblau

E. F. Gloyna

OCTOBER 15, 1969

Supported by

U.S. ARMYf MIFICAL RESEARCO AND DEVELOPMENT COMMAND
Washington, D.C. 20315

Contract No. DADA 17-69-C-9073

The University of Texas
Austin, Texas 78712

This document has been approved for public release and sale;
its distribution is unlimited.

The findings in this report are not to be construed as an
official Department of the Army position unless so designated
by other authorized documents.



SUMMARY

"Ihis , rt ci-sc-ribes the work undertaken to represent and
idrentify matl.einati::al mod-l1s of biological waste treatment as
Appli,-. tka laboratory sized aeration basin. Pulse inputs of radio-
az:tiv-• nociiumn-Q'. hawv been used to obtain residence time distribution
.,urv,-s imnuls roeonse curves) for the basin. At all reasonable
air flo-,,: rates '...high w..,ould support a biomass, the tank appears to
be ,ell mix-d as migLht be expected. Reproducible experimental data
are vasy to obtain, and the basin parameters computed from the
data agree we•ll with the known parameters.



FOREWORD

This investigation was authorized under contract DADA-17-69-C-9073
dated February 1, 1969, and is associated with the work of the
Center for Research in Water Resources of The University of Texas.
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OBJECTIVES AND SCOPE OF INVESTIGATION

Improvement in the prediction of waste purification rates re-
quires better mathematical models of such processes as well as
better data. The purpose of this investigation has been to study
th? modeling and identification of aerobic waste treatment methods,
and to apply population balance techniques of process modeling
to laboratory scale equipment in order to ascertain their rep-
resentativeness.

EXPERIMENTAL WORK

A laboratory sized aeration basin has been used in the first
phase of the experimental work to collect data for analysis.
Figure 1 illustrates the schematic layout of the experimental
apparatus. The entire apparatus is mounted on a rigid structural
frame. From a thirty-gallon polyethylene feed tank, the liquid
feed passes through rotameters and into the laboratory scale aeration
basin. An overhead section of about two feet in length has been
added to the laboratory aeration chamber in order to prevent radio-
active mist from being carried out of the system. Inasmuch as the
solution is radioactive, it is important not to contaminate the
surroundings, and as an extra safety factor a separate scrubber
has been placed in series with the aeration chamber in order to
remove any final carry over. The air supply rate is metered through
rotameters.

Originally it was anticipated that the overflow from the
aeration basin could be monitored continuously by placing a shielded
(with lead bricks) scintillation counter directly over the exit
stream. However, the background radiation was found to be far too
high with such an experimental set-up; the signal to noise ratio
for the "tail" of the process response curve was far too low.
Rather than add extensive and expensive shielding around the aeration
basin that perhaps would not entirely resolve the problem, it
was decided to abandon the continuous monitoring and instead collect
batch samples that could be counted at some distance from the
aeration basin. A rotating fraction collector was purchased and
the overflow line modified with solenoid values so that samples of
the overflow could be collected at preselected intervals. Each
sample is now counted independently by the shielded scintillation
counter permitting replicate counts but adding greatly to the effort
required to complete one process run.
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o I hac bQn operated without a biomass being
pr ...... 1 : :o -,:amine the characteristics of the mixing

in a-ra,-ion -Kami without reaction. Sodium-24, prepared in
th• .. i:- t': .ty of ,xas :1uc;liar Reactor Laboratory, has been the
radioa .tiw vt ý;usd to ascertain the best signal to noise
ratio :'"r th, Ai- ntillation counter as well as carry out the test
".x*-,rim nts. A pul.s,- of about 4 mc of sodium-24 is injected into
zchi. a;,ration basin and about 100 to 200 samples of the output
:tream are coll-,cted for a period of up to 4 to 5 residence times.
.*e counting rates at various times measured from the injection
of the socliun-2,- ,rovide the raw data for atLalysis by a computer
p rogram describaci below)

"[>ata from tw.,,o typical runs are illustrated by the circles in
Figur-s P and - ikecause two primary controllable variables are
involved in the experiments, the air rate and the water rate, a
-- factorial experiment has been run to ascertain the nature of the
mixing in the aeration basin. As expected, the aeration basin
acts as a well mixed tank at any reasonable air flow rate that
could support a biomass. The known residence time (t = V/F) from
measurements of the volume of the basin and the flow rate agree
quite .ell with residence times computed from the counting data.
For data in Figures 2 and 3, for example, the residence times
..:ere r-spectivEly

I, 7400 mil 2.4 hr.
F] ''0.b ml/min)(60 min/hr)

7100 ml
f203 ml/min)(60 min/hr)

7h;, two hours corresponds to realistic residence times for municipal
w;aste disposal plants.

ANALYSIS OF DATA

7f a puls,- of' a tracer is injected in the inlet of a continuous
rro2-c-sz arparatu. and the outlet concentration of the tracer is
,-.asur'-1, thre output curve of tracer concentration vs. time, or



the resd-:rn-e tim,, diitrLbution can be used to characterize the
process in so atar a: mtxing is concerned. The tracer must satisfy
several *conditf .

(a) it m.st- nave a negligible volume to avoid changes in
hci pro-ess flow at the moment of ilje-:tion,

b) it mra.st be detectable in low concentrations,

(c) it must not influence the physical properties of the
fluid, and

(d) it muslt not be adsorted or undergo a chemical reaction.

The measured residence time distribution can be compared to the
theoretical distributions associated with the idealized extremes
of

(a) plug flow with axial mixing, and

(b) a cascade of perfect mixers.

Here we are interested in the latter typo of modeling.

The residence time distribution function E(t) for a process
with a reaction is defined as follows

00

e-Kt E(t) dt eK ~ 1
0 0 0

where (c/c 0 ) is the fraction of tracer in the output stream for
an impulse input and K is the reaction rate constant (here 0).
A computer program developed to evaluate the essential variables
and parameters from the raw experimental data includes the
following phases

(1) correction of the tracer counting rate J'or the decay
from time of injection of the tracer pulse;

(2) numerical integration of the function f c dt that
serves as a normalizing factor; 0

3) computation of the residence time distribution function
E(t) and the dimensionless residence time distribution
function E(O);

(4) evaluation of the process parameters.
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'c ..... i,.s.'v,-d •ountirng rate for back-

r' . u:r,:t'i ouuitiing rate
I*j -joj~tirl~ rate

ri, IL' ,:.v-,i ha ~kground counting rate

N :2 .'.

Ir:r- 'i,'.: :'orr,,Lt~d counting rate

1* 1

. •ri. ,:2 :ollo:tio.i of sample
i midd -or time

4.

I+

•.-~Pfl~r.At;'ti1 : rsidence time distribution function

"--u I i n• g, r,.n residen-e time
+ E*

F 'i+l F't,• ? Ati

* ',231 :ulat'ion of tti- dimensionless residence time

distribution furi)tion

F' F t
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•'2 ;a1 ulat-ion of tor' equivalent number of well mixe'd

I •h a+l+0yi

1- 1

1i () 2

2

N = 1o

CONCLUSIONS

Inspection of Figures 2 and 3 illustrates that the laboratory
apparatus acts as a. well mixed tank under all reasonable air and
water flow rates. Premature termination of the observations at
about four residence times caused the number of equivalent tanks
to be greater than unity for the data of Figure 3. Superposition
of the two figures indicates that the response of the process is
almost exactly the same despite the different operating conditions.

PLANS FOR FUTURE WORK

Now that the mixing characteristics of the laboratory aeration
basin have been determined without a biomass, the next step is to
operate the process with a biomass present. A more extended serie
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,u : .: ":'. r <t.l. the mixing and reaction parameters
S ,. uro:Ž..; :i .luat,,d. f' those are successful, it would

, ý. : io.ration basin that did not operate
' ,-A .L .1 "& ml continue thu experimentation under

I.:~ion: ,: P von i,: v Tto r'caj process equipment.
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AEROBIC WASTE TREATMENT

II

,I6
15-

1 4-i
"" WATER RATE 60- 6 cc/min.

o AIR RATE: 6950 cc/min.
"I2 AVER. RESIDENCE TIME-: 1,90 hrs.= I
oo BACKGROUND: 160 counts/1min.
o jI VARIANCE: 0.7629

EQUIV. NO. OF TANKS: 1i31
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HOURS INTO RUN
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AEROBIC WASTE TREATMENT
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- WATER RATE 203 cc /min.
AIR RATE: 11750 cc/min.

0 36-11
6 AVER. RESIDENCE TIME : 056 hr.

0 332 BACKGROUND: 160 counts /min.
o Hi
o VARIANCE: 0.9202

30 EQUIV. NO. OF TANKS: 1.087
z
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